This study aims to elucidate the predictive capabilities of proteinuria, serum creatinine (Cr), and urine RBCs (uRBCs) with respect to long-term renal outcomes in lupus nephritis (LN) in patients followed in clinic. Methods. A retrospective analysis was performed on patients with LN. We evaluated the ability of proteinuria, serum Cr, and uRBCs at 12 months to predict good long-term renal outcomes defined as serum Cr ≤ 100 mmol/L and kidney transplant/dialysis-free at the 7th year. Receiver operator characteristic curves were generated for proteinuria, serum Cr, and uRBCs to study their ability to predict good long-term outcomes and to identify their best cut-off. Descriptive statistics studied the pattern of change of proteinuria and serum Cr. Results. Proteinuria of 0.6 g/d and Cr of 83 mmol/L performed independently moderately well in predicting good long-term renal outcomes while uRBC was less accurate. Combining serum Cr to proteinuria gave a small increase in positive predictive value with a trade-off in sensitivity. Proteinuria changed within the first year whereas serum Cr changed until the 7th year. Conclusions. Both proteinuria and Cr predict good long-term renal outcomes in LN. Proteinuria's ability to change faster at 12 months makes it a favorable endpoint for clinical trials and research studies.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease with widespread organ involvement. Lupus nephritis (LN) is a common manifestation of SLE associated with significant mortality and morbidity, with a cumulative incidence of 54% [1] . Multiple randomized clinical trials (RCTs) have been performed in recent years investigating different therapeutic modalities for LN [2] [3] [4] . These RCTs have used several short-term renal parameters (common endpoints in RCTs are proteinuria, serum creatinine, and urinary sediments (Table 1) ) which are potential surrogates that predict longterm response, both renal and extrarenal. The definitions of short-term parameters amongst trials are very heterogeneous wherein each trial has different definitions of partial and complete response, incorporating varying thresholds for proteinuria and serum creatinine (Cr) as well as urinary red blood cells (uRBCs) [2] [3] [4] . Certainly the choice of short-term parameters, the variations in the definitions of short-term parameters, and the timing of when they are measured (trial length) can significantly influence the success or failure of a clinical trial [5, 6] . Given that the advent of new therapeutics in trials may depend upon the endpoint used to define success, there needs to be clarification of which endpoints are able to predict good long-term renal outcomes in LN.
Recently, analyses of the Euro-Lupus Nephritis Trial (ELNT) [7] and MAINTAIN Nephritis Trial (MNT) [8] demonstrated that as a short-term parameter, proteinuria at 12 months with a cut-off of 0.8 and 0.7 g/day, respectively, is the best predictor of long-term renal outcome in LN. Touma et al. [9] have demonstrated that the change in proteinuria tends to be slow, with recovery taking up to 2 years. Additionally the long-term follow-up of two lupus nephritis trials (ELNT and MAINTAIN) observed that the 1-year mark was more predictive of long-term renal outcomes compared to 3-and 6-month points (ELNT) [7, 8] .
We performed a retrospective analysis on a cohort of SLE patients with LN followed prospectively at the Toronto Lupus Clinic in order to determine the predictive capabilities of Cr, 24-hour urine proteinuria (24H-P), and uRBCs with respect to good long-term renal outcome. Subsequent analyses were also performed looking into the optimal proteinuria cut-off to predict good long-term renal outcome and into the pattern of change in proteinuria and Cr after initial LN episode. [12, 13] . The 24H urine sample was collected as follows: patients were instructed to empty their bladder in the morning and discard the urine and then to collect their urine in a container from that point on for 24 hours. At the end of the 24H period, the bladder was to be emptied and that urine saved. Urine specimens are handled and interpreted by laboratory and the appropriate measurements of preservation and shipment of the samples are applied.
Methods

Patient Selection.
For this study, the first episode of LN, since they joined the clinic, was defined as a one-time 24H-P ≥ 0.5 g/d [14, 15] . Patients with LN and at least 7 years of follow-up thereafter were selected for inclusion. Patients with baseline renal transplant/dialysis or eGFR < 15 mL/min/173 m 2 were excluded.
Definitions of Renal
Parameters. 24H-Pand uRBCs are recorded and scored in our database only if they are attributed to SLE activity. The interpretation of the urine analysis is based on physician judgment. eGFR was calculated using the Cockcroft-Gault equation.
Study Design.
The renal parameters (24H-P, Cr, and uRBCs) for each patient at 1 year after the diagnosis of LN BioMed Research International 3 were studied. Every patient in this study had a baseline (corresponding to the 1st visit in this study) and followup 24H-P. Patients were treated with standard of care as determined by the treating rheumatologist.
Study Endpoints.
Primary good long-term renal endpoint was defined as Cr ≤ 100 mmol/L at 7th year of LN and no dialysis/renal transplant up to 7th year of LN. Secondary good long-term renal endpoint was eGFR ≥ 60 mL/min/173 m 2 at 7 years.
Study Analysis.
Descriptive statistics were used to describe patient characteristics. Receiver operating characteristic (ROC) curves were generated to examine the predictive power of 24H-P, Cr, and uRBCs (at 12 months) with respect to primary and secondary good long-term renal endpoints. Area under curve (AUC) was analyzed for each baseline endpoint for (a) value at year 1, (b) absolute change from baseline to year 1, and (c) percent change between baseline and year 1. AUC of 0.7-0.9 indicates moderate accuracy, 0.5-0.7 indicates low accuracy, and ≤0.5 is equal to chance [16] . Cut-offs with optimized sensitivity and specificity for each studied endpoint were identified by the Youden index. The performance of the combination of proteinuria with serum Cr at year 1 for predicting good long-term endpoints was as well evaluated. Positive predictive value (PPV) and negative predictive value (NPV) as well as 95% confidence intervals (CI) were determined. Additional descriptive analysis was performed to compare the pattern of change in serum Cr and 24H-P over time following diagnosis of LN and plots were created to visualize the changes. Sensitivity analysis was performed for the subgroup of patients with baseline 24H-P ≥ 1 g/d to determine the optimized 24H-P cut-off for this subgroup.
Results
Patient Characteristics.
In total, 101 patients with at least 7 years of follow-up were included in this study ( For the secondary good long-term renal endpoint (eGFR ≥ 60 mL/min/173 m 2 at year 7) the optimized proteinuria cutoff was 0.44 g/d with AUC 0.65 for proteinuria value at 1 year and AUC 0.70 for proteinuria percent change from baseline to year 1. The sensitivity and specificity were 0.58/0.83 and 0.50/0.89 for the endpoints of Cr ≤ 100 mmol/L and eGFR ≥ 60 mL/min/173 m 2 at year 7, respectively. The optimized cut-off for percent change in proteinuria from baseline to year 1 for the primary endpoint was 54.5% (sensitivity 67 and specificity 74).
Conversely, ROC curves for serum Cr all demonstrated departure from unity, with the best being absolute baseline Cr, with an AUC of 0.82 (Figure 2 ). The optimal cut-off of Cr for the primary endpoint was 83 mmol/L, with a sensitivity of 0.82 and specificity of 0.78. For the secondary endpoint (eGFR ≥ 60), the optimal Cr cut-off was 111 mmol/L, with a sensitivity of 0.97 and specificity of 0.63. ROC curves for comparisons Figure 1 : ROC curves for predictive value of proteinuria at 1 year for primary good long-term renal endpoints. Proteinuria at 1 year and percentage change from baseline to year 1 demonstrate departure from the line of unity, whereas absolute proteinuria from baseline to year 1 does not. In all ROC curves sensitivity is plotted on the -axis against 1 − specificity on the -axis.
All the ROC curves for uRBCs at year 1 indicate low accuracy with AUC 0.60 for uRBCs at year 1 and uRBCs percentage change from baseline to year 1 ( Figure 3) . Figure 4 illustrates the AUC values for proteinuria, serum Cr, and uRBCs measured as the value at year 1, absolute change from baseline to year 1, and percent change between baseline and year. Overall, the AUCs for all 3 short-term parameters, proteinuria, serum Cr, and uRBCs, were best for the value of year 1.
The performance of 24H-P and Cr individually and in combination is summarized in Table 3 . Combining proteinuria and serum Cr causes a small increase in the PPV, but with the trade-off of decreased sensitivity. 
Pattern of Changes within 7 Years after LN.
Examination of the change in 24H-P and serum Cr in response to therapeutic intervention after the diagnosis of LN demonstrated that the pattern of change for these parameters is different. Change in 24H-P was largest within the first year after LN diagnosis ( Figure 5 ), whereas for serum Cr, the largest change occurred later, between the 5th and 6th year after LN diagnosis ( Figure 6 ). 24H-P therefore changes rapidly after the institution of therapy whereas the response of Cr is delayed.
Sensitivity
Analysis. 65 patients with baseline 24H-P ≥ 1 g/d were identified. As with the original analysis, the 24H-P at 1 year was a moderate predictor of good long-term renal outcomes (AUC 0.71) and fared better than both the absolute and percentage changes at 1 year ( Figure 7 ). The optimal cutoff by Youden index was 24H-P of 0.95 at 1 year for this subgroup ( Table 4 ). The proteinuria cut-off of 0.6 g/d showed a sensitivity and specificity of 51 and 77%, respectively.
Discussion
The majority of recent RCTs in LN therapeutics have resulted in nonsignificant differences compared to control groups, which at least partly has been affected by definitions of endpoints along with other factors related to study design [5, 6] . In addition, there is no agreement on the definitions of endpoint for LN RCTs (Table 1) . Although a renal activity score and renal response index were developed for this purpose, their uses in RCTs have been seldom [26] . Therefore there is an emerging need to better define which of these measurements reflect good long-term outcomes.
Our analysis demonstrates that 24H-P at 1 year post-LN is a fair predictor of good long-term renal outcome, with an AUC of 0.68 for the outcome of the combination of serum Cr ≤ 100 mmol/L and no dialysis/renal transplant and 0.65 for the outcome of eGFR ≥ 60 mL/min/173 m 2 . Determination of a cut-off for 24H-P was optimized at 0.57 g/d (∼0.6 g/d) and 0.44 g/d for primary long-term renal outcomes, which is slightly higher than the current therapeutic target being used in the majority of clinical trials and practice (0.5 g/d) but suggests that the current proteinuria target is reasonable. This is as well slightly different to previous studies that suggested that a proteinuria cut-off of approximately 0.8 g/d would be optimal [7, 8] . One possible explanation is that the population of patients included in these studies had higher baseline 24H-P than our cohort [19, 23] . In support of this, sensitivity analysis performed on the subgroup of patients with baseline 24H-P ≥ 1 g/d demonstrated an optimal 24H-P cut-off of 0.95 g/d (by Youden index) at 1 year, which is close to the cut-offs suggested by these previous studies and which also suggests that the difference in cut-offs is at least partially related to the degree of baseline proteinuria (the cut-off of 0.82 g/d showed a sensitivity and specificity of 56 and 69%, resp.) ( Table 4 ). The importance of our results is that they are derived from patients followed in clinic, reflecting real-life, compared to the results of the previous 2 studies on patients followed in clinical trials [7, 8] . Although uRBCs provide low accuracy in predicting long-term renal outcomes with AUC of 0.60 its utility as an endpoint in clinical trials should be determined carefully. Recently, Dall'Era et al. [7] and Tamirou et al. [8] highlighted the difficulties associated with the quantification of uRBCs in clinical trials. Dall'Era et al. stated that the measurement of uRBCs often is reported as a range as opposed to a continuous value which prevents the calculation of a change from baseline [7] . Tamirou et al. explained how crucial it is to consider several factors that could hinder the reliability and precision of uRBCs measurement; some of these factors are related to the time of urine collection, preservation of urine, and standardization in the methods of measurement of uRBCs [8] . Thus, all these factors need to be addressed before considering uRBCs as an endpoint in trials. Wofsy et al. showed that a definition of complete response that does not include urinary sediment (amongst other differences) would generate higher complete response rates using the same data set [5] .
Serum Cr at 1 year was a moderately good predictor of good long-term renal outcome, with an AUC of 0.82 for primary outcome and 0.85 for the secondary outcome. Furthermore, our results also demonstrated that serum Cr and eGFR are fairly stable until 6 years after LN onset. This suggests that serum Cr at 1 year is a good predictor that it in fact does provide information about the future trajectory of a patient's renal function. The time frame in RCTs of LN is often 12 months and in this study we demonstrated that the largest change in proteinuria was observed in the first year after LN onset. Given this, although serum Cr is overall a better predictor for long-term renal outcomes, proteinuria is more appropriate as a marker in clinical trials.
Interestingly, analysis of the combined proteinuria and serum Cr cut-offs demonstrated comparable PPV and NPV to serum Cr alone but sacrificed total sensitivity. Compared to proteinuria alone there was an improvement in the specificity, whereas sensitivity, PPV, and NPV are comparable given the CI overlap. This suggests that while 24H-P may be more appropriate as a biomarker due to its sensitivity to short-term change, there may be value in combining it with Cr.
Limitations of our study include the relatively small sample size and retrospective nature of the analysis. Conversely, the strengths of this study include the long-term data available on our cohort of different ethnicities as well as the standardized protocol under which this data is collected.
Overall, our study demonstrates that proteinuria value at 1 year with a cut-off of 0.6 g/day at 1 year predicts good long-term renal outcomes. Thus, proteinuria and possibly serum Cr can serve as good endpoints in LN clinical trials and research studies. Both the low accuracy of uRBCs in predicting good long-term renal outcomes and the lack of precision in its measurement render it a less appealing endpoint for clinic trials.
Additional Points
Significances. (i) Proteinuria value at 1 year with a cut-off of 0.6 g/day at 12 months is a good predictor for good longterm renal outcomes. (ii) This study on patients followed in clinic validates the findings derived from clinical trials and confirms that proteinuria value at 1 year is the best predictor for long-term renal outcomes. (iii) Although serum Cr of 83 mmol/L predicted good long-term renal outcomes, the ability of proteinuria to change significantly at 12 months makes it the favorable endpoint.
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